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ABSTRACT 



An FM demodulating apparatus suitable for use in a 
VTR or the like has a suppressing circuit for suppress- 
ing the upper and lower sideband components of an FM 
modulated video signal, an FM demodulation circuit for 
demodulating the output from the suppressing circuit 
and a recovering circuit connected to the output of the 
FM demodulation circuit for recovering the sideband 
components suppressed by the suppressing circuit, to 
thereby provide a favorable demodulation. 

10 Claims, 3 Drawing Sheets 
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^„ , FM modulated video signal, the FM modulated video 

DEMODULATOR FOR FM MODULATED VTOEO signal having a center frequency and upper and lower 

^^^eiiJ^^JS^"^®"^'"^^ components, the FM modulated video signal 

J^^^^^f^?^^^ ^ f""" " recording of an original FM m^- 

iSSS^rSoN 5 ulated video signal. The FM demodulating apparatus 

Kt:^! URATION comprises a first equalizer for equalizing the FM modu- 

BACKGROUND OF THE INVENTION Ji^J.'^H^ S?!^ '"tt ^'I^^Z^^T °^ 

siaeband components of the FM modulated Video Signal 

1. Field of the Invention substantially equal to the modulation figure of the origj- 

The pr^nt invention relates generally to an FM nal FM modulated video signal. The demodulating 

demodulating apparatus, and more particularly, to an apparatus additionally comprises a second equalizer 

™ demodulating apparatus of this kind which is suit- that suppresses the upper and lower sideband compo- 

able for use m demodulation or the like of video signals ncnts of the FM moduUted video signal from the first 

recorded by Jorcxm^ equalizer, the second equalizer means having a frc- 

after smip^caUed "VTR") by an FM modulaUoa (fre- 15 ^^^^^ characteristic tSt is substantially symiietrical 

"^T^L^^I^IT^^^Ak a ^ ^te*- frequency of the FM modulated video 

L^Hnn^^v J^rT ^ The demodulating apparatus further comprises 

Convention^, v^eo signals recorded on a mag. gn FM demodulator that demodulates the equalk^ 

nctic tape by FM modulation are reproduced from the .^a^^SV^ ^ 

magnetic tape and FM demodulated for example, in a 20 ^^f"^ ^^^''Ff ^''^ thcj»econd equahzcr Fi- 

VTR (video tape recorder). More specifically, as shown "^^i. the demodulatmg apparatus comprises a third 

in FIG. 1, a reproduced video signal fed to an input f^"*^^' f demodulated video signal 

terminal 1 is supplied to an RF signal equalizer (RF ^ demodulator and recovers the upper and 

equalizer) 2 wherein characteristics of sideband compo- sideband components suppressed by the second 

ncnts of the reproduced video signal are equalized so as 25 equalizer. 

to be equivalent to the modulation figure of an FM The above and other objects, features, and advan- 

modulation signal upon rccx»rding. Then, the output of the present invention will become apparent 

from the RF signal equalizer 2 is supplied to an FM fr^^^ following detailed description of an illustrative 

demodulation circuit 3 to be FM demodulated. In that embodiment thereof to be read in conjunction with the 

event, as the FM demodulation circuit 3, for example, a 30 accompanying drawings, in which like reference nu- 

pulse counter type FM demodulation drcuit is used. merals represent the same or similar objects. 

The demodulated output from the FM demodulation — _ nF<5riiTPnnTj hp thf nR a wrtor <i 

circuit 3 is delivered to a demodulated video signal BRIEF DESCRIFHON OF THE DRAWINGS 

output terminal 4. FIG. 1 is a schematic block diagram showing the 

Such an FM demodulating apparatus demodulates a 35 configuration of an example of conventional demodu- 

signal with a wide range of modulation figures so th^it lating apparatus; 

reproduction of upper sideband components may easily FIG. 2 is a structural block diagram showing the 

fluctuate due to conditions of reproducing heads and a oonfiguiation of an embodiment of the FM demodulat- 

magnctic tape and so on of a VTR. which causes drop- ing apparatus according to the invention; 

out of information called reverse phenomenon and ac- 40 piG. 3 is a circuit block diagram showing a sine 

cordmgly easy generation of noise on tiie demodulated equalizer employed in the embodiment shown in FIO. 

signal. 2> 

>Uso, employmentof a pul« co^^ type FM demodu- ' piG. 4 is a circuit block diagram showing the config. 

'lation circuit as an FM demodulation circuit results m ^ pulse comit type FM demodulation circdt 

gencratmg a large amount of undesiraW^^^ 45 i^^'^^e embodim\^t; 

c^M moire on the demodulated signal m the vicmity of 5A to 5C are waveform diagrams used for 

the frequency double the earner frequency. i ■ *v *j * ^ 

■ . ^ J explainmg the operation of the demodulation circuit 

OBJECTS AND SUMMARY OF THE illustrated in FIG. 4; and 

INVENTION ^ FIG. 6 is a circuit block diagram showing a cosine 

Therefore, it is an object of the present invention to employed m the embodiment, 

provide an FM demodulating apparatus which is capa- DETAILED DESCRIFTION OF THE 

ble of performing favorable demodulation. PREFERRED EMBODIMENT 

In accordance with a first aspect of the present invcn- ^, ^ ^. * «^ ™, ^ ... 

tion, the FM demodulating apparatus receives an FM 55 ^ embodiment of the FM demodulating appa- 

modulated video signal having upper and lower side- according to tiic present mvention will hereinafter 

band components, and is comprised of a first equalizer ^ described with reference to FIGS. 2 to 6. In these 
for suppressing the upper and lower sideband compo- drawings, parts corresponding to those in FIG. 1 arc 
nehts of the FM modulated video signal an FM demod- designated witii the same reference niimerals and de- 
ulator circuit connected to die first equalizer, wherein 60 tailed explanation thereof will be omitted, 
the FM demodulator circuit is a pulse coimter type FM 1° t^e present embodiment as shown in FIG. 2, char- 
demodulator, and a second equidizer receiving tiie de> acteristics of side band components of a reproduced 
modulated signal from the FM demodulator circuit for video signal fed to an input terminal 1 are equalized by 
recovering the upper and lower sideband components an RF signal equalizer 2 so as to be equivalent to the 
suppressed by the first equalizer and or deriving an 65 modulation figure of the recorded FM modulation sig- 
output video signal. nal. and then the equalized output video signal from the 

In accordance with a second aspect of the present RF signal equalizer 2 is supplied to the FM demodulat- 
invention, the FM demodulating apparatus receives an ing apparatus 10. 
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The FM demodulating apparatus 10 comprises a sine addition output from the adder 48 is supplied to the 
equalizer 20, a pulse counter type FM demodulation ^^^^ ^ ^^^^ ^ coefficient multiplier 49 for multi- 
circuit 30 and a cosme equalizer 40. The output video , . . , * ^ - , 
signal from the RF signal equalizer 2 is supplied to the Paying a suppLed signal by a coefficient {ai/2). Further, 
sine equalizer 20 which functions as a bandpass filter of 5 the output signal from the delay circuit 43 is also sup- 
suppressing sideband components for the carrier of the plied to the adder 50 which in turn delivers the addition 
FM modulated signal. The sine equalizer 20 is con- output thereof to an output terminal 51. 
stnicted as shown in FIG. 3 for example. 3^ constructing the cosine equalizer 40. its out- 

More specifically, a signal fed to a terminal 21 is cuusixueung mc «»inc » « 

supplied to a scries circuit composed of two deUy cir- 10 charactenstic is expressed by the foUowing equa- 
cuits 22, 23 for providing a delay amount r (r is the unit tion: 
delay amount). Then, the signal supplied to the terminal 
21 and the output signal from the delay circuit 23 are 

supplied to a subtracter 24 to subtract the signal delayed Otttpttt/lflput«*(l -f ai-ocMMr +ft2-oot2«>T) e-/^ 

by the delay circuits 22, 23 from the input signal. The 15 
subtraction output from the subtractor 24 is delivered to 
tn output tenninal 26 through a i attenuator 25. 

By thus constructing the sine equalizer 20. the output It will be therefore understood that the sideband 
characteristic of the sine equalizer is expressed by the components suppressed by the sine equalizer 20 is re- 
following equation: 20 covered by the cosine equalizer 40. The output from the 

cosine equalizer 40 is then delivered to an output termi- 
butput/Inpui«e-Mj«non- nal 4 as a demodulated output by the FM demodulating 

apparatus 10. 

25 Now, reference will be made to the operation of the 
Thus, the peak (ir) of the sine wave is substantially pj^ demodulating apparatus 10 thus constructed. First, 
equal to the catral frequency of the carrier so that the . ^ modulated signal S(t) fed to the termi- 
sme equalizer 20 functions as a bandpass filter for sup- "^K-^^" * iuuumaw« wj^iwu ^y^j iw* w 
pressing sideband components for the carrier. ^ ^ expressed by the foUowmg equation (1): 

The output from the sine equalizer 20 is then supplied 
to a pulse count type FM demodulation circuit 30. ^ (i) 

FIG. 4 shows the configuration of a practical exam- , f Aap , \ 

pie of the pulse count type FM demodulation circuit 30. W « «m ^^cao^ + — • j 

An FM modulated signal supplied from the sine equal- 
izer 20 to an input terminal 31 is band limited by a lim- ^^j, 
iter 32 and thereafter supplied directly to an Exclusive- where — - n>oduUiioa figure ■ 

OR gate 33 as well as to the £xclusive-OR gate 33 

through a delay circuit 34. cxcluave logical OR ^^^^ ^^^^ (jj^ modulation FIG. 

outputtedfrorotheExclusive-ORgatc33isdehveredto j . 1. iwv r 11 ■ • 

an output terminal 36 through a iSw pass fUter 35. ^ ^ to be small, the foUowmg equation (2) is 

By thus constructing the FM demodulation circuit ^ satisfied: 
30, when an FM modulated signal as shown in FIG. 5A 

is supplied to the input tenninal 31, the £xclusive-OR o (2) 

circuit 33 derives an exclusive logical OR of the input ^0 « + T + " ' 

signal and the signal of the input signal delayed by the 

delay circuit 34 shown in FIG. 5B. and a pulse signal ^5 if gains upon equalization performed by the RF 

shown in FIG. 5C is outputted from the £xclusive-OR , ^ , , . * e /*\ * *v 

circuit 33. As can be sein from HGS. 5A to 5C, the ^ represented by p±. an mput S, (t) to the 

number of the output pulses varies in accordance with equalizer 20 is expressed by the followmg equation 

the frequency of input signal. Demodulated signals are (3): 
therefore derived by supplying the output pulses of the 50 
Exclusive-OR circuit 33 to the low pass filter 35 and 

averaging the same thereby. Si(0 mtpof -f- -5- • p+ • na(ii^) + •)/ - -fi- • p. - kd(«o - 

The output signal from the FM demodulation circuit 
30 thus constructed is supplied to the cosine equalizer c. /a ft.«« ^ « 

40 which is provided for VScovering the ddebMTd com- 35 An output S2 t) from the sme equahzer 20 is ex- 
ponents suppressed by the sine equalizer 20 and con- P^"^ followmg equation (4) where the output 
structed as shown in FIG. 6. Si (t) is normalized by the carrier frequency: 

More specificaDy, a signal fed to a tenninal 41 is 
supplied to a scries circuit composed of four delay dx- bd( + o»)r (4) 

cuits 42, 43, 44 and 45 respectively having a delay 60 sjio = + "f" * P+ ri^war ' + »)' - 
amount r. Then, the signal fed to the terminal 41 and the 

output signal from the delay circuit 45 are supplied to an dnr - w 

adder 46 to be added. The addition output from the 4* * P- * ^ ^ tm(Mo + <a)t 

adder 46 is next supplied to an adder 50 through a coef- 

ficient multiplier 47 for multiplying a supplied signal by 63 

a coefiicient (a2/2). Also, the output signal from the An output v(t) from the FM demodulation circuit 30 
delay circuit 42 and the output signal from the delay is approximately expressed by the following equation 
circuit 44 are suppUed to an adder 48 to be added. The (5): 
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tudc are reduced, whereby a margin for distortion of 
^ (5) the modulated signal is increased, which results in per- 

^t) « r4.p+.-Si^liSiL + £-.p_. fonningafavorablcdcmodulation without reverse phe- 

^ ^ ~ nomenon even if a contact condition between the head 

iio(a)o - o))r ^ ^ changed and thereby distortion occurs in the 

- ..... 



tauacfT 



reproduced signal, for example, upon reproducing by a 
VTR. The demodulated signal is recovered to have the 
= . [LtJJiz. . co«tfr + original frequency characteristics by the cosine equal- 

N ^ izer 40 so that the frequency characteristics of the de- 

_ \ modulated signal will never be disturbed. 

-^-^ — ^ • ttnor . eouior J r cot*»/ The pulse count type demodulator employed as the 

FM demodulation circuit 30 in the present embodiment 
From the above equations the frequency characteris- i"conveni«itly generates undesirable components 
tic Gv(a))ofthe output v(t) from th^FM demodulation « moire at a frequency double the earner fre- 

circuit 30 is expressed by the foUowing equation (6): ^^cooy, however, the construction of the present em- 
bodiment can equivalently lower the modulation figure 
fl - p (€i therefore prevent such moires from occurring. 

Ci(«) - -^^1 — =• . ooMur + — ^ . oottttr - unar Incidentally, the above described embodiment cm- 

20 ploys a sine equalizer as a suppressing means for sup- 
wbm o»o + «) < ~ pressing sideband components of FM modulated sign^ 

^ prior to FM demodulation. However, the sideband 

The frequency characteristic Gv(a.) of the demodu- «^ Wnts may be suppressed by an ordinary band- 
lated signal, when the upper and lower sideband com- „ ^ filter. Also, as means for recovermg Ae sideband 
ponents are equalized to have the same amplitude, that components after FM demodulation, any filter circuit 
is, when p-f =p-«l stands, is given by the foUowing may be used as long as it has characteristics which 
equation (7): permits recovering the suppressed sideband compo- 

nents to the original form. 
According to the FM demodulating apparatus of the 
pv((u)=co8oJT (7) ^ present invention as described above, since sideband 

components of FM modulated video signals are sup- 
pressed before demodulation performed by an FM de- 
On the other hand, when the upper and lower side- modulation circuit, the equivalent modulation figure is 
band components arc not equal that is, when ip^ered and a margin for distortion of modulated sig- 
p+«p+ = l Ap p ==1 + Ap stand, the frequency nals is increased, thereby making it possible to achieve- 
chiu^ctenstic Gv(o) of the demodulated signal is given ^^^^y^ demodulation. The suppr«s^ sideband com- 
by the followmg equation (8): ^^^^^ ^ ^^^^^^ ^^/^^ ^^^^ ^^^^^^^ 

characteristics after demodulation, which results in 
Gv(a))«coMT-Apco$aoT^aiT (8) ^ avoiding disturbance of the frequency chsracteristics of 

the demodulated signals. 
Having described a preferred embodiment of the 
Incidentally, since ci0r^n/2 is satisfied cosooTKI present invention with reference to the accompanying 
stands. Also, with respect to Ap, Ap< 1 is satisfied so drawings, it is to be understood that the invention is not 
that the following equation (9) is defined: limited to the precise embodiment and that various 

changes and modifications could be effected by one 
skilled in the art without departing from the spirit or 
Ov(ai)=:co«6)T (9) j^^pp tijg jjQygj concepts of the invention as defined 

in the appended claims. 
^ I claim as my invention: 
It IS therefore appreciated that if a dcmoduhtcd sig* . « a„ ftui /iim*^nUH«» .«t^r^f,« r*^-*i«4„„ inuf 
mil outputted from the FM demodulation circuit 30 u «i^J?ii2^?™^^ 
corrected by characteristics of l/cos<.r, the sideband S^j'^^^^^ ^^'^^ 
components ofthe demodulated signal is recovered, and oomponn^^^ 

therefore the frequency charactei^tic thereof becomes 55 « a first equahwr means for suppressing the upper 
"I ^ and lower sideband components of the FM modu- 

In the present embodiment, the cosine equalizer 40 is signal; 
constructed, as shown in FIG. 6, so as to have the char- (b) an FM demodulator circuit connected to the first 
acteristics of l/coswr, thereby making it possible to equalizer, wherein the FM demodulator circuit is a 

derive a demodulated signal with flat frequency charac- 60 counter type FM dcmodulatoi^ and 

tcristics at the demodulated signal output terminal 4 of (^) * »«cond equalizer means for receiving the demod- 
the FM demodulating apparatus 10 through the cosine ulated video signal from the FM demodulator dr- 

equalizer 40. cuit, for recovering the upper and lower sideband 

By thus performing the FM demodulation, when components suppressed by the fist equalizer means 

demodulation is performed by the FM demodulation 65 and for deriving an output video signal, 
circuit 30, both ddeband components have been sup- 2. An FM demodulating apparatus as cited in claim 1, 
pressed by the sine equ^dzer 20, so that the modulation wherein the first equalizer means has a band-pass char- 
figure is equivalently lowered and fluctuations in ampli- acteristic. 
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3. An FM demodulating apparatus as cited in claim 2, 
wherein the first equalizer means is a sine equalizer and 
the second equalizer mean is a cosine equalizer. 

4. An FM demodulating apparatus as cited in claim 2, 
wherein the firs equalizer means is a sine equalizer hav- 5 
ing a frequency xharacteristic of e->^«j*sino)T. 

5. An FM demodulating apparatus as cited in claim 4, 
wherein the second equalizer means is a cosine equalizer 
having a frequency characteristic of (1+ai cosor+ai 
cos2<t»r) •e/2*'T 10 

6. An FM demodulating apparatus receiving an FM 
modulated video signal, the FM modulated video signal 
having a center frequency and upper and lower side- 
band components, and being derived from a recording 
of an original FM modulated video signal, the FM de* 13 
modulating apparatus comprising: 

(a) a first equalizer means for equalizing the FM mod- 
ulated video signal to make the modulation figure 
of the side-band components of the FM modulated 
video signal substantially equal to the modulation 20 
figure of the original FM modulated video signal; 

(b) a second equalizer means for suppressing the 
upper and lower sideband components of the FM 
modulated video signal from the first equalizer 
means, the second equalizer means having a fire- 25 



8 



quency characteristic that is substantially symmet- 
rical about the center frequency of the FM modu- 
lated video signal; 

(c) an FM demodulator means for demodulating the 
equalized FM modulated video signal from the 
second equalizer means; and 

(d) a third equalizer means, receiving the demodu- 
lated video signal from the FM demodulator 
means, for recovering the upper and lower side- 
band components suppressed by the second equal- 
izer means. 

7. An FM demodulating apparatus as cited in claim 6, 
wherein the second equalizer means has a band-pass 
characteristic. 

8. An FM demodulating apparatus as cited in claim 7, 
wherein the second equalizer means is a sine equalizer 
and the third equalizer means is a cosine equalizer. 

9* An FM demodukting apparatus as cited in claim 7, 
wherein the second equalizer means is a sine equalizer 
having a frequency characteristic of e->^-j-sina>r. 

10. An FM demodulating apparatus as cited in claim 
7, wherein the third equalizer means is a cosine equal- 
izer having a frequency characteristic of (l+ai-cos6>- 
T+a2-cos2o)r)-e/24>T 
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